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Abstj I'3jCtj 
nc IS a brief overview of nuclear parton distri- 
butions, and the other is SU(2)-flavor-symmetry breaking in n'uc/ear antiquark distri- 
butions. First, we show that nuclear structure functions F^(a;) could be explained in 
a Cf" rescaling model with parton recombination effects. Then, nuclear gluon distribu- 
tions are discussed in this parton model. We point out other interesting distributions 
for future investigations. Second, u — d distributions in nuclei are discussed in order to 
shed light on nuclear modification of the u — d distribution. 



1. Overview of nuclecir pcirton distributions 

Modifications of the structure function F2{x) in nuclei were discovered by European 
Muon Collaboration (EMC effect). This effect has been an interesting topic because 
it may provide an explicit quark signature in nuclear phenomena. Most of these in- 
vestigations discuss a "global" EMC effect in the sense that the effect is averaged over 
all constituents in a nucleus. However, it is interesting to investigate possible semi- 
inclusive or semi-exclusive processes for finding a "local" EMC effect [1] and possible 
relations between a local gluonic EMC effect and the J/ip suppression. 

In recent years, many experimental data of F^{x)/F^{x) are obtained in the small 

X region, which is so called the shadowing region. There are theoretical attempts to 

explain the EMC effect in the medium-large x region and the shadowing in the small 

X. However, most models investigated both regions separately, and enough effort has 

not been made for studying the structure function in the whole x region. It is not 

straightforward to study a model which is valid in the wide x region. An attempt to 

combine the medium-x physics and the small-x one in a dynamically consistent way is 

made in Ref. [2]. Our model is based on a parton model and is not on macroscopic 

nuclear physics (nuclear binding, Fermi motion, vector-meson dominance, and so on) 

explicitly. We simply incorporated two mechanism in our model: rescaling and 

parton recombination. The rescaling has been used for explaining the EMC effect in 

the medium x region and the recombination for the shadowing in the small x. We 

calculated nuclear parton distributions by using these ideas at small and obtained 

distributions lare evolved by, usiiig the, Altarelli-Parisi equation. 
As a result, we obtameti rea^naoly 

good agreement with the experimental 
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data in the region (0.005 < a; < 0.8) 
as shown in Fig. 1. In the large x 
region, the ratio {F^{x)/ F^{x) > 1) 
is explained by quark-gluon recombina- 
tions, which produce results similar to 
those by the nucleon Fermi motion. In 
the medium x region, the EMC effect is 
mainly due to the rescaling mecha- 
nism in our model. In the small x re- 
gion, shadowing effects are obtained by 

the parton recombinations. However, Fig. 1 Comparison with F^"/ data [2] . 
our shadowing at very small x{< 0.02) 
is very sensitive to the input gluon dis- 
tribution. 

variations of the nuclear structure 
function ratio F^''{x, Q^) /Fi'{x, Q^) are 
calculated in our parton model. Cal- 
culated results are compared with the 
New Muon CoUaboration (NMC) data 
in Fig. 2. Our theoretical results show 
small variation and are consistent 
with existing experimental data [2]. The 

detailed analysis of the evolution is ^-^ ^ q2 variation of F^^/Ff [2]. 

still in progress [3]. 

We find that the model can explain experimental F^{x) structure functions in the 
wide Bjorkcn— a; range (0.005 < a; < 0.8). The structure function F2{x) has been 
well investigated both experimentally and theoretically. However, there are nuclear 
structure functions, which are little understood. We summarize the current status of 
nuclear parton distributions in Table 1 in the Michelin style. 

Because F2{x) in the medium x is dominated by valence-quark distributions [g,,(x)], 
we consider that qv{x) at medium x is well known. On the other hand, q^ix) at small 
X is not understood. We don't know whether valence-quark shadowing is similar to 
the F2 shadowing. It could be very important to study the valence-quark shadowing 
by measuring F^/F^ in neutrino experiments. 

Sea-quark distributions [?s(a;)] are dominant in F2{x) at small x, so that we know 
the behavior of qs{x) at small x. In the region of a; = 0.1 — 0.2, we have Fermilab-E772 
Drell-Yan data which indicates small nuclear modifications of the sea distribution in 
the iron nucleus. However, the situation is not very clear if we look at the Drell-Yan 
data in the carbon and calcium nuclei. We need accurate data especially the data which 
show the A dependence. Furthermore, it is very interesting to investigate sea-quark 
shadowing at RHIC. At this stage, the Fermilab Drell-Yan data are not shown in the 
shadowing region {x < 0.03). 
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Nuclear gluon distributions are also not understood. The only explicit experimental 
data are those obtained by the NMC in muon-induced ^/ip productions, but accuracy 
is not good enough to test 10% effects. Currently, two-jet events are being analyzed by 
the Fermilab muon group for investigating gluon shadowing. This group may produce 
interesting results. In future, proposed RHIC direct-photon experiment should clarify 
the gluon-shadowing problem. 



Table 1 Status of nuclear parton distributions. 

We investigate gluon distributions in the carbon and tin nuclei by using the 
rescaling model with parton recombination effects. We obtain strong shadowing in the 
small X region due to the recombinations. The ratio Ga{x)/G]^{x) in the medium x 
region is typically 0.9 for medium size nuclei. At large x, the ratio becomes large due 
to gluon fusions from different nucleons. 

Calculated gluon distributions are 
compared with the NMC data for Gsn{x) / 
Gc{x) in Fig. 3. The dashed curve 
shows recombination results with the cut- 
off for parton leaking 2:0 =0 and the solid 
(dash-dot) curve shows combined results 
of the rescahng and the recombina- 
tions with ^0=0 {zq = 2 fm). Compar- 
isons with NMC data for Gsn{x)/Gc{x) 
indicate that more accurate experimen- 
tal data are needed for testing the model. Fig. 3 Nuclear gluon distributions [4]. 

[Summary] We find that nuclear structure functions F2{x, Q"^) can be explained in 
the wide x range by using a parton model with Q^-rescaling and parton-recombination 
effects. The model is extended to studies of nuclear gluon distributions. We need 
detailed theoretical and experimental analyses of nuclear sea-quark and gluon distri- 
butions. Furthermore, valence-quark distributions at small x could be interesting for 
studying nuclear shadowing mechanism. 
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2. SU(2)-flavor-symmetry breEiking in nucleEir antiqueirk distributions 

Violation of the Gottfried sum rule was suggested by the NMC in deep inelastic 
muon scattering. It indicates that antiquark distributions in the nuclcon are not SU(2)- 
flavor symmetric [u{x) ^ d{x)\. As an independent test, Drell-Yan data for the tungsten 
target have been used for examining the flavor asymmetry. However, nuclear effects are 
possibly significant because the tungsten is a heavy nucleus. If the nuclear modification 
is very large, the Drell-Yan analysis cannot be directly compared with the NMC result. 
We discuss the SU(2)-flavor-asymmetric distribution {u — d)A in nuclei, especially in 
the tungsten nucleus. 

We investigate whether there exists significant modification of the u — d distribution 
in nuclei in a parton recombination model [5]. It should be noted that a finite u — d 
distribution is theoretically possible in nuclei even if the sea is SU{2)f symmetric in 
the nucleon. In neutron-excess nuclei such as the tungsten, there exist more d-valence 
quarks than -u-valence quarks, so that more d-quarks are lost than -u-quarks are due 
to parton recombinations in the small x region. In a parton-rccombination picture, 
partons in different nucleons could interact in a nucleus. This is an extra effect which 
does not exist in a single nucleon. In discussing antiquark distributions in nuclei, this 
effect should be taken into account properly. Even if the nucleon sea is SU(2) flavor 
symmetric, it is interesting to find that a finite fiavor asymmetric distribution can be 
obtained in a nucleus: 



x[Au(x) — Ad(x)]A = £ X / dX2 XU*(x) X2[Uv(x2) — dv(x2)] 

9 Jo 



x"^ + xl 

{X + X2Y 



where rt^(x) and dv{x) are u and d valence-quark distributions in the proton, the 
neutron-excess parameter e is defined by £ = ^ given by K — QA^/^asiQ"^) / 

{2RlQ'^) with Ro=l.l fm. The physics meaning of the finite distribution is as follows. 
In a neutron-excess nucleus (e > 0), the dy quark number is larger than the Uy quark 
one. Hence, more d quarks are lost than u quarks in parton recombination processes. 
The modification of the flavor- asymmetric distribution is directly proportional to the 
neutron-excess parameter. 

We evaluate Eq. (1) with the input parton distributions MRS-DO (1993) in the 
tungsten nucleus 74^H^iio- The 5't/(2) j-symmetric-sea distribution in the nucleon is 
used by setting A = in the MRS-DO distribution. Obtained results are shown in 
Fig. 4, where the solid curve shows the x[Au — Ad]^ distribution (per nucleon) of 
the tungsten nucleus in Eq. (1). As expected in a neutron-excess nucleus, the parton 
recombinations produce a flnite S'f/(2) j-breaking antiquark distribution even if they 
are SU (2) f symmetric in the nucleon. Furthermore, it is a positive contribution to u — d 
because of the d-valence-quark excess over u-valence in the neutron-excess nucleus. 
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The situation is changed if the 
SU (2) f asymmetric distribution is 
used as the input distribution as 
shown by the dashed curve in Fig. 
4. In this case, qG ^ q contri- 
butions become larger than qq — >■ 
G ones, and obtained resuhs are 
much different. The whole contri- 
bution becomes negative at small 
X due to the d-excess over u in the 
proton. On the contrary, we find 
■u-excess over d in the larger x re- 
gion {x > 0.05). Fig. 4 Nuclear modification of u{x) — d{x) [5]. 

[Summary] We find that a finite fiavor-breaking distribution in a nucleus {[u{x) — 
d{x)]A 7^ 0) is possible even though it is symmetric in the nucleon {u{x) — d{x) = 0). 
Because the Drell-Yan experiments are in progress at Fermilab, nuclear effects on the 
flavor asymmetric distribution could be an interesting topic for future theoretical and 
experimental investigations. 
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